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Abstract. We give here an interior metric which matches Gurses’ metric. The metric given here is a sphere of 
electrically counterpoised dust (ECD) of constant density. We use Lane Emden equation for obtaining the interior 
solution.        
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 We present an interior solution composed of electrically counterpoised (extremely 
charged) dust which matches with the solution obtained by Gurses in 1998 [1]. This is 
also discussed by Varela [2]. The interior solution is obtained by considering a nonlinear 
second order differential equation which occurs in astrophysics. The author encountered 
this problem in 1972 [3]. We first obtain the equation for ECD. 
            
Following applies to metrics of the form 
 )(
222 3212222 dxdxdxedteds UU ++−= −  
which we write as βααβγ dxdxedteds UU 2222 −−=   
 
For electrically counterpoised dust (ECD) distributions  
          ( ) UU ee 31 4 −− −= πργ µυµυ  . 
The vertical stroke “1  “ denotes covariant differentiation with respect to the metric   
βα
αβγσ dxdxd =2 . 
 
This can be written in spherical polar coordinates as  
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which is a nonlinear second order differential equation.  
Putting lxrkye U ==− ,   this can be transformed to the Lane Emden equation [4] 
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The solutions for which the initial conditions are ( ) ( ) 00,10 =′= yy  , are known as Emden 
functions and have been tabulated. This equation occurs frequently in problems involving 
astrophysics. 
 
( )( ) ( ) ( ) ( ) 00,00 =′== −− UU ekkye  
where the prime denotes differentiation. 
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Let us consider a uniform sphere of density ρ  and radius a . For ar >  we have a 
vacuum with only the electromagnetic field being present. In vacuum we assume Gurses’ 
solution. 
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We match the interior and exterior solutions at ar =  
 
( )( ) 1==− lakyae U    (1) 
 
The derivative should also be continuous  
 
( ) ( ) 20amlaylkae U −=′=′−   (2) 
 
Equations (1) and (2) give  
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For us to be able to match the two metrics at ar =  we have to find 0x  and 
0m
a  such that 
they satisfy the above relation .That this can be done is intuitively clear on an inspection 
of the graph of ( )( ) ( )000 xyxyx
′−  against 0x , for 89685.60 0 << x , where 6.89685 is the 
first zero of  ( )xy . 
 
 
    
We have constructed a source for Gurses’ solution. The source is a sphere of constant 
density of ECD. It will be interesting to examine the maximum possible density for a 
given a.  
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